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[57] ABSTRACT 

The invention relates to a modular mandibular prosthesis for 
use after the resection of a patient's mandible. The modular 
mandibular prosthesis includes a pair of anchor plates and at 
least one connector member. Each anchor plate has first and 
second ends. The second end of each anchor plate is adapted 
to be attached to a portion of the patient's mandible. At least 
one connector member is disposed between the pair of 
anchor plates. Each connector member includes first and 
second ends. The first end of a connector member is con- 
nected to the first end of an anchor plate thereby defining a 
connection. The second end of a connector member is 
connected to the first end of the other anchor plate. Addi- 
tional connector members may be disposed between the 
anchor plates wherein the first end of the additional con- 
nector member is attached to the second end of an adjacent 
connector member thereby defining a connection and the 
second end of the additional connector member is connected 
to the first end of an adjacent connector member thereby 
defining a connection. Each connection defines a swivel 
coupling which permits three dimensional movement at each 
connection thereby facilitating orientation and installation of 
the modular mandibular prosthesis. 

23 Claims, 4 Drawing Sheets 
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MODULAR MANDIBULAR PROSTHESIS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a modular mandibular prosthesis 
for replacing a patient's mandible, which has been surgically 
removed, by forming an artificial mandible or part thereof. 

2. Description of Related Art 

Mandibular resection, or removal, due to disease has 
presented physicians with numerous difficulties in recon- 
structing the mandible, or lower jaw, to give the patient use 
of his remaining portion of mandible. Proper reconstruction 
of the mandible includes providing the patient with a natural 
appearance and proper occlusion of the teeth of the mandible 
with the teeth of the maxilla, or upper jawbone. It is also 
desirable to enhance the physician's reconstruction of the 
mandible using a prosthesis which is easy to install and 
customize, thereby decreasing the length of time the patient 
is in surgery. 

Prior approaches to replace the portion of the mandible 
which has been removed include implanting a mandibular 
prosthesis made out of a plastic, such as an acrylic plastic 
material, or some other suitable metallic material, such as 
titanium. The mandibular prosthesis may be attached to the 
remaining portion of the mandible using various techniques. 
In one approach, the prosthesis is attached to the mandible 
using a male coupler and a female coupler which are 
interlocked with one another. In another approach, a tita- 
nium plate is preformed, or bent, to the approximate shape 
desired to secure the prosthesis across the gap in the man- 
dible created by the resection. In still another approach, the 
prosthesis is constructed out of mesh and tubular compo- 
nents attached to the mandible. All of these approachs have 
deficiencies. Most notably, all of these approachs require 
increased planning time because the prosthesis must be 
preformed, or molded, prior to surgery. Prior to the 
operation, the physician approximates the contour of the 
mandible and approachs to anticipate the shape the man- 
dibular prosthesis must take to function properly. 
Accordingly, precise calculations and adjustments must be 
made to the mandibular prosthesis prior to beginning the 
operation. Should the pre-operation steps of shaping the 
mandibular prosthesis not be correct, the mandibular pros- 
thesis will have to be readjusted, or in some cases, a new 
mandibular prosthesis will need to be shaped, before the 
mandibular prosthesis can be implanted. 

Another deficiency is the inability of these prior appro- 
achs to be easily and quickly modified, or customized, 
during surgery. Should the mandibular prosthesis be 
attached to the mandible when the fit is not precise, these 
prior approachs do not allow for easy modification and 
customization of the mandibular prosthesis. Accordingly, 
should unforeseen circumstances render the pre-formed 
prosthesis unworkable, a new prosthesis will be required, 
causing delay and increased surgery time. A new prosthesis 
may also be required should the physician find it necessary 
to remove more of the patient's mandible during the opera- 
tion than was originally planned due to undetected spreading 
of the disease. 

Accordingly, prior to the development of the present 
invention, there has been no mandibular 10 prosthesis 
which: allows for easy readjustment while the mandibular 
prosthesis is in place; allows easy modification due to 
unforeseen circumstances; obtains more accurate occlusion 
without planning in a single rapid step; eliminates plate 
bending; decreases operating time; and improves the shape 
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of the mandibular prosthesis to reduce any damage which 
may be caused by the placement of the mandibular prosthe- 
sis. Therefore, the art has sought a mandibular prosthesis 
which: allows for easy readjustment while the mandibular 

5 prosthesis is in place; allows easy modification due to 
unforeseen circumstances; obtains more accurate occlusion 
without planning in a single rapid step; eliminates plate 
bending; decreases operating time; and improves the shape 
of the mandibular prosthesis to reduce any damage which 

10 may be caused by the placement of the mandibular prosthe- 
sis. It is believed that the present invention will achieve 
these objectives and overcome the disadvantages of other 
devices in the field of the invention, but its results or effects 
are still dependent upon the skill and training of the operator. 

15 SUMMARY OF INVENTION 

In accordance with the invention, the foregoing advan- 
tages have been achieved through the present mandibular 
prosthesis for use as a replacement of a portion of a patient's 

20 mandible. The mandibular prosthesis includes a pair of 
anchor plates, at least two assembly plates, and at least one 
link. Each anchor plate has first and second ends, the first 
end of each anchor plate including a first swivel member, 
and the second end of each anchor plate being adapted to be 

25 attached to a portion of the patient's mandible. The at least 
two assembly plates are disposed between the anchor plates. 
Each of the at least two assembly plates include first and 
second ends, the first and second ends of each of the at least 
two assembly plates each having a second swivel member. 

30 Each link includes first and second ends, the first and second 
ends of each link having a first swivel member. The at least 
one link is disposed between the at least two assembly plates 
with a first swivel member of the at least one link matingly 
engaged with an adjacent second swivel member of an 

35 assembly plate. The first swivel member of an anchor plate 
is matingly engaged with an adjacent second swivel member 
of an assembly plate. Each matingly engaged first and 
second swivel members define a swivel coupling which 
permits three dimensional movement between the first and 

40 second swivel members. 

A further feature may the mandibular prosthesis is that 
each assembly plate may include a releasable locking 
member, such as a screw, to releasably lock each swivel 
coupling defined by each matingly engaged first and second 

45 swivel members. An additional feature of the mandibular 
prosthesis is that each of the at least two assembly plates 
may include two clamping plates. Another feature of the 
mandibular prosthesis is that each clamping plate may 
include an inner wall and an outer wall, the inner wall 

50 including the second swivel member. A further feature of the 
mandibular prosthesis is that the two clamping plates may 
include a releasable locking member, such as a screw, to 
releasably lock the two clamping plates. An additional 
feature of the mandibular prosthesis is that the first swivel 

55 member may be a ball and the second swivel member may 
be a recess formed by the inner wall, for mating engagement 
with the ball. Still another feature of the mandibular pros- 
thesis is that the mandible has a lingual surface and a labial 
surface and the first swivel member of each anchor plate 

60 may lie in a plane which is disposed intermediate the lingual 
and labial surfaces of the mandible. A further feature of the 
mandibular prosthesis is that the mandible has a lingual 
surface and a labial surface and the first end of each anchor 
plate may include a Mange extending toward the lingual 

65 surface of the mandible. An additional feature of the man- 
dibular prosthesis is that each of the at least one first swivel 
members of each anchor plate may be disposed on the 
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flange. Another feature of the mandibular prosthesis is that between the anchor plates. The first end of a connector 

the mandible has a lingual surface and a labial surface and member is connected to the first end of one anchor plate 

the swivel coupling defined by each matin gly engaged first thereby defining a connection, and the second end of a 

and second swivel members may be disposed intermediate connector member is connected to the first end of the other 

the lingual surface and the labial surface. An additional 5 anchor plate thereby defining a connection. Each connection 

feature of the mandibular prosthesis is that the first swivel defines a swivel coupling which permits three dimensional 

member may be a bail and the second swivel member may movement at each connection. 

be a recess for mating engagement with the ball. a further feature of the mandibular prosthesis is that the 

In accordance with the invention, the foregoing advan- first end of at least one connector member may be connected 

tages have also been achieved through the present modular 10 to the second end of another connector member thereby 

mandibular prosthesis for use as a replacement of a portion defining a connection. An additional feature of the mandibu- 

of a patient's mandible. The mandibular prosthesis includes lar prosthesis is that the connecting member may be a link, 

a pair of anchor plates, at least two links, and at least one Another feature of the mandibular prosthesis is that the 

assembly plate. Each anchor plate includes first and second connecting member may be an assembly plate. A further 

ends, the first end of each anchor plate having a first swivel 15 feature of the mandibular prosthesis is that the connecting 

member, and the second end of each anchor plate being member may be at least one integrated link-assembly plate, 

adapted to be attached to a portion of the patient's mandible. Still another feature of the mandibular prosthesis is that the 

Each of the at least two links include first and second ends, first end of an integrated link-assembly plate is connected to 

the first and second ends of each of the at least two links the second end of an integrated link-assembly plate thereby 

having a second swivel member. Each assembly plate 20 defining a connection. 

includes first and second ends, the first and second ends of The modular mandibular prosthesis of the present 

each assembly plate having a first swivel member. The at invention, when compared with previously proposed prior 

least one assembly plate is disposed between each of the at mandibular prosthesis is believed to have the advantages of: 

least two links with a first swivel member of the at least one allowing easy readjustment while the mandibular prosthesis 

assembly plate matingly engaged with an adjacent second 25 is in place; allowing easy modification due to unforeseen 

swivel member of a link. The first swivel member of an circumstances; obtaining more accurate occlusion without 

anchor plate is matingly engaged with an adjacent second planning in a single rapid step; eliminating plate bending; 

swivel member of a link. Each matingly engaged first and decreasing operating time; and improving the shape of the 

second swivel members define a swivel coupling which mandibular prosthesis to reduce any damage which may be 

permits three dimensional movement between the first and 30 caused by the placement of the mandibular prosthesis. It is 

second swivel members. believed that the present invention will achieve these objec- 

A further feature of this embodiment is that the first swivel fives and overcome the disadvantages of other devices in the 

member may be a recess and the second swivel member may field of the invention, but its results or effects are still 

be a ball for mating engagement with the recess. ^ dependent upon the skill and training of the operator. 

In accordance with the invention, the foregoing advan- BRIEF DESCRIPTION OF DRAWINGS 
tages have also been achieved through the present modular 

mandibular prosthesis for use as a replacement of a portion FIG. 1 is a perspective view of one specific embodiment 

of a patient's mandible. The mandibular prosthesis includes of the modular mandibular prosthesis of the present inven- 

a pair of anchor plates, at least two assembly plates, and at AQ tion as placed in the mandible of a human being, 

least one link. Each anchor plate includes first and second FIG. 2 is a perspective view of one embodiment of the 

ends, the second end of each anchor plate being adapted to anchor plate used in connection with the specific embodi- 

be attached to a portion of the patient's mandible. Each ment of FIG. 1. 

assembly plate includes two ends and each link includes two FIG. 3 is a top view of one embodiment of the link used 

ends. The at least two assembly plates are disposed between 45 m connection with the specific embodiment of FIG. 1. 

the anchor plates and one end of an assembly plate is FIG. 4 is a front view of the inner wall of a clamping plate 

connected to the first end of an anchor plate thereby defining used in connection with the specific embodiment of FIG. 1. 

a connection. The two ends of the at least one link are piG $ fe a frQn( yicw rf ^ outcf ^ Qf ^ d iQg 

connected to an adjacent assembly plate thereby defining a fa 4 ^ {q mnmGdon with the dfic cmbodi . 

connection. Each connection between an anchor plate and an 5Q ^ ^ ^ 

assembly plate and each connection between a link and an . * ' . 

p . FIG. 6 is a cross-sectional view along fine 6 — 6 in FIG. 

ZTZ^^T^S^iS 1 oHhe a T b,y pla,c used in .nnectiL with the specific 

,„ , , . . . , embodiment of FIG. 1. 

Aflutter ( feature of the mandibular _ prosth^s .s thalcach cr0 ss-sectional view of a preferred embodi- 

assembly plate may include a releasable locking member to 55 

releasably lock each swivel coupling to substantially prevent ment of the assembly plate. 

three dimensional movement after the releasable locking . FIG- 8 » ■ perspective view of one embodiment of the 

member is locked integrated link-assembly plate used in connection with one 

' ... ... , . . specific embodiment of the modular mandibular prosthesis 

In accordance with the invent™ the foregoing advan- P» .^.^ 

tages have also been achieved through the present modular 60 ___ r n . . ... , fCT p 

mandibular prosthesis for use as a replacement of a portion FIG. 9 is a perspecUve view of the embodiment of FIG 

of a patient's mandible. The mandibular prosthesis includes 1*™* occlusion of the teeth of the mandible with the teeth 

a pair of anchor plates and at least one connector member. of lhc maxilla of a human bcm g« 

Each anchor plate includes first and second ends, the second FIG. 10 is a cross-sectional view of one embodiment of an 

end of each anchor plate being adapted to be attached to a 65 anchor plate. 

portion of the patient's mandible. The at least one connector While the invention will be described in connection with 

member includes first and second ends and is disposed the preferred embodiments, it will be understood that it is 
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not intended to limit the invention to those embodiments. On least one releasable securing member 88. In this specific 
the contrary, it is intended to cover all alternatives, embodiment, and as will be discussed below in further 
modifications, and equivalents, as may be included within detail, an assembly plate 80 is connected to each anchor 
the spirit and scope of the invention as defined by the plate 60 thereby defining a connection. A link 70 is con- 
appended claims. 5 nected to two assembly plates 80 thereby defining a con- 
nection between a link 70 and two assembly plates 80. Each 
DETAILED DESCRIPTION AND SPECIFIC connection defines a swivel coupling 89 which permits three 
EMBODIMENTS dimensional movement at each connection. 
The present invention relates to a modular mandibular Referring now to FIG. 2, each anchor plate 60 includes a 
prosthesis, or mandibular prosthesis, used as a replacement 10 first end 61 > a second end 62 and a first swivel member 63 
for a portion of a patient's mandible, or lower jaw, which has disposed proximate the first end 61. Preferably, the first 
been surgically removed due to disease, such as cancer. In a sw *el member 63 is incorporated into the first end 61 of 
broad aspect of the invention, the mandibular prosthesis * ach ™ h ™ plate 60. The second end 62 of the anchor pla e 
includes a pair of anchor plates and at least one connector 60 ^ a pted to be ) attached to a port™ .of, patient s 
u a ■„. j • , ^ -i u„i~.„ tu mandible 200. As illustrated in FIG. 1, the mandible 200 
member. As will be discussed in greater detail below he 15 a u { $urface 201 aQd a ^ surface 202 m 

anchor plates are attached to the remaining portion of he ^ end ft of eacfa aQchor ^ 6Q may iflclude a flaQge M 

mandible. At least one connector member is then connected angularly disposed with respect to the anchor plate 60 and 

to the anchor plates, and to other connector members if cxtCDC j m g toward the Ungual surface 201 of the patient's 

necessary or desired, thereby defining a connection, to form ma ndible 200. The flange 64 is preferably disposed at an 

a mandibular prosthesis which is attached to the remaining 2 o angle 65 with respect to the anchor plate 60, angle 65 is 

portion of the mandible by the anchor plates. Each connec- a b ou t equal to the angle of the cut made by the physician 

tion formed between the anchor plate and a connector when removing the diseased portion of the mandible 200. 

member, or between adjacent connector members, defines a Preferably, the cut made by the physician is at an angle of 

swivel coupling which permits three dimensional movement about 90 degrees, or perpendicular, to the remaining portion 

at the connection as will be hereinafter described in greater 2 $ of the mandible 200, and thus, the anchor plate 60 and the 

detail. It is to be understood that any type of connector flange 64 are angularly disposed with respect to one another 

member or anchor member may be employed to form the at an angle of about 90 degrees. In this specific embodiment, 

modular mandibular prosthesis of the invention provided the the first swivel member 63 is incorporated into the flange 64, 

connections define swivel couplings which permit three- as by forming the first swivel member 63 integral with flange 

dimensional, or multiplanar, movement at the connections. 3 o 64 such tnat lhe first swivel member 63 of each anchor plate 

For example, as will be described below in greater detail, the 60 lies in a plane which is disposed intermediate the lingual 

connector member may be a link, an assembly plate, or an surface 201 and the labia surface 202 of the patient s 

integrated link-assembly plate. mandible 200. Alternatively, ^ desired the first swivel 

In one specific embodiment, the mandibular prosthesis * ^ the te end 6 ]> or flan S e 

may include'at least one link, each link having at least a first 35 * ° f j?** 0 ' P T °> 

end and a second end, disposed between at least two dreaded connector. It is contemplated that this onen ation 

assembly plates. The at east two assembly plates are con- enhances the ability of the modular mandibular prothesis 

nected to the anchor plates as described above to form the » *> ^ properly orientated across the gap formed by the 

• , i- tu c ♦ a f ♦ 1 •,«.♦ ™ v, n \r ™, removed or injured of a portion of the mandible 200. 

swivel couplings. The first end of at least one link may then lvm ™ , , .... . 

be connected to the second end of an assembly plate to form 40 Each anchor P late 60 ma * b **™ ed to u the m 1 ? d i blc u ? y 

a swivel coupling, and the second end of the link may be any method known to persons skilled in the art Preferably, 

connected to the first end of an assembly plate to form a each anchor plate 60 includes at least one attachment hole 

swivel coupling. The first end of another link may then be *6. As shown m FIG. 1, each anchor plate 60 preferably 

connected to the first end of an assembly plate to form a includes three attachment holes 66. In this preferred 

swivel coupling, and the second end of the link may be 45 embodiment, each anchor plate 60 is secured to me mandible 

connected to the first end of an assembly plate to form a 200 by inserting screws such as hollow titanium screws 203 

swivel coupling. This arrangement may be continued to known in the art, through each attachment hole 66, and into 

construct a modular mandibular prosthesis having the me mandible 200. 

desired, or necessary, length. Each swivel coupling prefer- Still with reference to FIG. 1, this specific embodiment 

ably permits three dimensional movement of each assembly 50 includes at least one link 70, shown in detail in FIG. 3, 

plate or link with respect to at least one adjacent anchor disposed between the at least two assembly plates 60. Each 

plate, link, or assembly plate. As discussed in greater detail link 70 increases the length of the modular mandibular 

below, the three dimensional movement facilitates implan- prosthesis 100 to facilitate formation of the mandibular 

tation in the proper orientation. After the modular mandibu- prosthesis across varying gaps in the mandible 200 created 

lar prosthesis is properly orientated, a releasable locking 55 b Y resection of a portion of the mandible 200. Accordingly, 

member may be used to secure each connection in the proper the modular mandible prosthesis 100 can be adjusted by the 

orientation. addition or subtraction of one or more links 70, which in turn 

Referring now to the drawings, wherein like numerals requires the addition of one or more assembly plates 80. 

denote identical elements throughout the several views and As shown in FIG. 3, each link 70 includes a first end 71 

primed reference numerals denote elements having a similar 60 and a second end 72. Both the first end 71 and the second 

structure and function to those elements having the same end 72 of each link 70 include a first swivel member 63'. The 

unprimed reference numeral, FIGS. 1-10 show specific first swivel member 63 1 at first end 71 of the link 70 is 

embodiments of the present invention. As shown in FIG. 1, connected to the first swivel member 63' at the second end 

in one specific embodiment of the invention, a modular 72 of the link 70 by a bridge 74. Preferably, the thickness of 

mandibular prosthesis 100 for use after the resection of a 65 bridge 74 is less than that of the first swivel member 63'. 

patient's mandible 200 includes a pair of anchor plates 60, Still with reference to FIG. 1, this specific embodiment 

at least one link 70, at least two assembly plates 80, and at includes at least two assembly plates 80 disposed between 
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the pair of anchor plates 60. Each assembly plate 80 may 
include two clamping plates 84 as shown in FIGS. 4-5 and 
will be hereinafter described in grater detail. Each assembly 
plate 80 includes a first end 81 and a second end 82. The first 
end 81 and the second end 82 each 25 include a second 
swivel member 83. Each assembly plate 80 may also include 
at least one assembly hole 87 to facilitate securing each 
assembly plate 80 to each first swivel member 63, 63'. 
Preferably, each assembly plate 80 includes one assembly 
hole 87. Each assembly hole 87 is designed such that a 
releasable locking member 88 may be placed through the 
assembly hole 87 to secure the assembly plate 80 to the first 
swivel member 63, 63' to form the swivel coupling 89. The 
releasable locking member 88 should be designed such that 
the assembly plate 80 may be secured to the first swivel 
member 63, 63' to prevent the connection between the 
assembly plate 80 and the first swivel member 63, 63' from 
separating, however, each connection should provide mul- 
tiplanar movement of the first swivel member 63, 63' and the 
assembly plate 80 at each swivel coupling 89. Preferably, 
each swivel coupling 89 defined by each matingly engaged 
first swivel member 63, 63' and second swivel member 83 is 
intermediate the lingual surface 201 and the labial surface 
202 of the mandible 200. 

After the modular mandibular prosthesis 100 is properly 
oriented, which is facilitated by allowing multiplanar move- 
ment of the first swivel member 63, 63' and the assembly 
plate 80 at the swivel coupling 89, the releasable locking 
member 88 may then be tightened to secure the first swivel 
member 63, 63' and the assembly plate 80 such that, the 
modular mandibular prosthesis 100 is rigid and multiplanar 
movement at each swivel coupling 89 is no longer possible. 
Preferably, the releasable locking member 88 is a screw as 
shown in FIG. 1, threadedly received in assembly hole 87. 

Each first swivel member 63, 63' and second swivel 
member 83 may have any geometrical shape suitable to 
provide multiplanar, or three dimensional, movement of 
each link 70 or assembly plate 80 to facilitate placing the 
modular mandibular prosthesis 100 in the proper orientation. 
After each link 70 and assembly plate 80 are placed in the 
desired position, the assembly plate 80 may be secured to 
each first swivel member 63, 63' using the releasably locking 
member 88 to maintain the desired orientation. Preferably, 
each first swivel member 63, 63' is spherical, i.e., ball 
shaped. 

The second swivel member 83 preferably has a contour 
which is reciprocal, or mates, to the shape of each first 
swivel member 63, 63' to facilitate securing each first swivel 
member 63, 63' to each second swivel member 83. 
Preferably, each second swivel member 83 is a recess 83' 
having a contour which is concave to reciprocate the pre- 
ferred shaped of each first swivel member 63, 63', namely, 
spherical. It is contemplated, however, that the first swivel 
member 63, 63' and the second swivel member 83 may be 
any shape which, provides a swivel coupling 89 which 
permits three dimensional movement at the swivel coupling 
89. Furthermore, as discussed below in other specific 
embodiments, the first swivel member 63, 63' may be a 
recess and the second swivel member 83 may be spherical, 
i.e. a ball. 

As further illustrated in FIGS. 4-5, each assembly plate 
80 may include two clamping plates 84 having an inner wall 
85, and an outer wall 86. The inner wall 85 of each assembly 
plate 80 may include the second swivel members 83, or 
recesses 83'. Each clamping plate 84 may also include an 
assembly hole 87. The releasable locking member 88 may 
then be placed through the assembly hole 87 to secure at 
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least two clamping plates 84 in the same manner as 
described above. Preferably, the releasable locking member 
88 is a screw 101 as shown in FIG. 1. The two clamping 
plates 84 are secured to one another such that the second 

5 swivel member 83 of the inner wall 85 of each clamping 
plate 84 is in contact with each first swivel member 63, 63'. 
Preferably, each first swivel member 63 of each anchor plate 
60 and first swivel member 63' of each link 70 utilized in the 
modular mandibular prothesis 100 are disposed between the 

1Q inner wall 84 of each clamping plate 84 such that each 
second swivel member 83 of the inner wall 85 is in contact 
with each first swivel member 63, 63'. 

Each assembly plate 80, and accordingly each clamping 
plate 84, may be shaped in any geometrical shape suitable to 

15 replace the portion of the mandible which has been removed. 
Preferably, each assembly plate 80 should be shaped such 
that no sharp edges remain which may cause damage and/or 
pain to the patient, e.g., the comers are rounded. 
Accordingly, each assembly plate 80 should have the cross- 

20 section shown in FIG. 6. As further illustrated in FIG. 7, 
each assembly plate 80 may have a cross-section which is 
substantially circular. 

As discussed above, the releasable locking member 88 
should provide attachment of each clamping plate 84 such 

25 that each first swivel member 63, 63' is disposed between the 
clamping plates 84 such that each first swivel member 63, 
63' can not be removed from between the two clamping 
plates 84. The releasable locking member 88 should, 
however, be adjustable such that the connections between 

30 each first swivel member 63, 63' and each clamping plate 84 
are allowed to flex along the length of the modular man- 
dibular prosthesis 100 by permitting three dimensional 
movement at each of the connections, or swivel couplings 
89. After the modular mandibular prosthesis 100 is placed in 

35 its proper orientation, each releasable locking member 88 is 
tightened to prevent multiplanar movement, thus rendering 
the entire length of the modular mandibular prosthesis 100 
rigid. 

Referring now to FIG. 8, in another specific embodiment 

40 of the invention, the connector member is an integrated 
link- assembly member 90. The integrated link- assembly 
member 90 includes a first end 91 and a second end 92. The 
first end 91 includes a first swivel member 93 and the second 
end includes a second swivel member 94 which is designed 

45 to reciprocate the shape of the first swivel member 93 as 
described in greater detail above. In this specific 
embodiment, the first swivel member 93 and the second 
swivel member 94 engage one another to form a swivel 
coupling (not shown) which permits three dimensional 

50 movement at the swivel coupling. The first swivel member 
93 of an integrated link-assembly plate 90 engages a second 
swivel member 94 of an anchor plate 60 and a second swivel 
member 94 of an integrated link-assembly plate 90 engages 
a first swivel member 93 of another anchor plate 60. In this 

55 specific embodiment one anchor plate 60 may have a first 
swivel member 93 and the other anchor plate 60 may have 
a second swivel member 94. The integrated link-assembly 
plate 90 may include an assembly hole 95 to enhance the 
ability of the integrated link-assembly plate 90 to secure the 

60 matingly engagement between the first swivel member 93 
and the second swivel member 94. Each integrated link- 
assembly plate 90 may also include at least one releasable 
locking member 88 inserted through assembly hole 95 to 
secure the swivel couplings. 

65 As further described above, the first swivel member 93 
and the second swivel member 94 may have any shape 
which provides a swivel coupling. Preferably, the swivel 
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coupling is defined at each connection between an anchor each the anchor plates and adjacent connector members or 

plate 60 and an integrated link-assembly plate 90 or between each connector member provide easy and quick installation 

adjacent integrated link-assembly plates 90. Each swivel and customization of the mandibular prosthesis. By simply 

coupling preferably permits three dimensional movement of adding or removing links, assembly plates, and/or integrated 

each integrated link-assembly plate 90 with respect to an 5 link-assembly plates as necessary or desired, the physician 

adjacent anchor plate 60 or an adjacent link-assembly plate can increase or decrease the length of the mandibular 

90. prosthesis to the length required to replace the portion of the 

In another specific embodiment of the invention utilizing mandible which has been surgically removed. Customiza- 

the integrated link-assembly member 90 described above, tion of the modular mandibular prosthesis in this manner is 

the modular mandibular prosthesis may include a link 70 as 1Q very simple and can be accomplished quickly during the 

described above, or an assembly plate 80, as described implantation surgical procedure. 

above, to connect an integrated link-assembly plate 90 to Referring now to FIG. 10, the flexibility and multiplanar 

one of the anchor plates 60. In this specific embodiment, movement also provide easy occlusion between the teeth of 

both anchor plates include either a first swivel member 63 as the mandible and maxilla. After implantation, but before the 

shown in FIG. 1-2 which is identical to first swivel member ^ releasable locking members 88 are tightened to prevent 

93, or a second swivel member 94 which reciprocates the multiplanar movement, the physician can apply a small 

shape of the first swivel member 93. In other words, the pair ^rummf of force to the mandible 200 m an upward direction 

e r . , . • j . • 1 F to alien the teeth 210 of the mandible 200 with the teeth 

of anchor plates are identical. m ^ m ^ 3Q0 ^ ^ md ^ f 

In another specific embodiment, the modular mandibular movemerit of the modular mandibular prosthesis 100 allow 

prosthesis may include a pair of anchor plates 60 as shown 20 ^ modular mandibular prosthesis 100 to shift in concert 

in FIG. 2 and described above, and one assembly plate 80 as ^ the movement of the mandible 200 during the align- 

shown in FIGS. 1, 4-5. The assembly plate 80 is disposed ment of the teeth> thereby facilitating the proper orientation 

between the anchor plates 60 such that the first swivel Q f the modular mandibular prosthesis 100 to replace the 

member 63 of each anchor plate 60 is matingly engaged with portion of the mandible removed or injured. During the 

an adjacent second swivel member 83 of the assembly plate 2 $ occlusion of the teeth, the flexibility and multiplanar move- 

80. Each matingly engaged first swivel member 63 and ment of the modular mandibular prosthesis 100 allows each 

second swivel member 83 define a swivel coupling 89 which link 70, assembly plate 80 or integrated link-assembly plate 

permits three dimensional movement of the assembly plate 90 to shift, or "buckle" in any direction required for the 

80 with respect to an adjacent anchor plate 60. In this modular mandibular prosthesis 100 to achieve its proper 

embodiment, the first swivel coupling 63 is preferably a ball, 30 orientation. Preferably, each connection, or swivel coupling 

as shown in FIGS. 1-2, and the second swivel coupling 83 89, is disposed intermediate the lingual surface 201 of the 

is preferably a recess 83', as shown in FIGS. 1, 4-5, for mandible 200 and the labial surface 202 of the mandible 

mating engagement with the ball. 200. After the physician has aligned the teeth, and modular 

In other specific embodiments, the first swivel member mandibular prosthesis 100 is in its desired orientation, the 
and second swivel member may be designed to alter the 35 releasable locking members 88 may then be tightened, using 
minimum number of assembly plates or links. For example, a screw driver 350 for example, to permanently fix each link 
as shown in FIG. 9, the anchor plate 400 may include a first 70, assembly plate 80, or integrated link-assembly plate 90 
swivel member 410, an assembly hole 420, and three in the desired orientation. Accordingly, the modular man- 
attachment holes 430. As further shown in FIG. 9, the first dibular prosthesis 100 is no longer capable of multiplanar 
swivel member 410 of the anchor plate 400 may be a recess 40 movement at the connections or swivel couplings 89. 
410'. In such an embodiment, the mandibular prosthesis may It is to be understood that the invention is not limited to 
be formed using one link 70 as described above and shown the exact details of construction, operation, exact materials, 
in FIG. 3, or at least two links 70 and at least one assembly or embodiments shown and described, as obvious modifi- 
plate 80 as described above and shown in FIGS. 1, 4-5. A cations and equivalents will be apparent to one skilled in the 
release ably locking member 88 as described above, may be 45 art. For example, any number or combination or links, 
inserted through assembly hole 420 to secure the connection assembly plates or integrated link-assembly plates may be 
between the first swivel member 410, 410' and a second used to form the modular mandibular prosthesis. Further, 
swivel member 63, 63' of a link 70. In this embodiment, as any type of first swivel coupling or second swivel coupling 
in the embodiments described above, each connection may be used provided the connection between each first 
formed between an anchor plate 400 and a link 70 or a link 50 swivel coupling and second swivel coupling defines a swivel 
70 and an assembly plate 80 permits three dimensional coupling which provides three dimensional movement of the 
movement at the connections. link, assembly plate or integrated link-assembly plate at the 

The anchor plates 60, link 70, assembly plates 80, releas- swivel coupling. Also, any type of releasable locking mem- 
able securing members 88, and integrated link-assembly ber may be used in connection with each assembly plate, 
plate 90 may all be constructed out of any material having 55 integrated link-assembly plate or anchor plate provided that 
the desired strength and durability characteristics suitable the releasable locking member allows the modular mandibu- 
for implantation into an animal or human. For example, lar prosthesis to flexibly connect to facilitate orientation of 
stainless steel or titanium may be used. Preferably, all of the the modular mandibular prosthesis prior to tightening, or 
individual components of the modular mandibular prosthe- locking, the releasable locking member thereby securing the 
sis are constructed out of titanium. The anchor plates 60, link 60 modular mandibular prosthesis in its desired orientation. 
70, assembly plates 80, releasable securing members 88, and Accordingly, the invention is therefore to be limited only by 
integrated link- assembly plate 90 may also be have a plasma the scope of the appended claims, 
coating, or other chemical coating which enhances the What is claimed is: 

connection between the various components and/or facili- 1. A mandibular prosthesis, for use as a replacement of a 

tates growth of bone across the surface of the components. 65 portion of a patient's mandible, comprising: 

The flexibility along the modular mandibular prosthesis a pair of anchor plates, each anchor plate having first and 

and the multiplanar movement of each connection between second ends, the first end of each anchor plate having 
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a first swivel member, and the second end of each 
anchor plate adapted to be attached to a portion of the 
patient's mandible; 

at least two assembly plates disposed between the anchor 
plates, each of the at least two assembly plates having 
first and second ends, the first and second ends of each 
of the at least two assembly plates each having a second 
swivel member; 

at least one link, each link having first and second ends, 
the first and second ends of each link having a first 
swivel member; 

the at least one link being disposed between the at least 
two assembly plates, with a first swivel member of the 
at least one link matingly engaged with an adjacent 
second swivel member of an assembly plate; 

the first swivel member of an anchor plate being matingly 
engaged with an adjacent second swivel member of an 
assembly plate; and 

each matingly engaged first and second swivel members 
defining a swivel coupling which permits three dimen- 
sional movement between the first and second swivel 
members. 

2. The mandibular prosthesis of claim 1, wherein each 25 
assembly plate includes a releasable locking member to 
releasably lock each swivel coupling defined by each mat- 
ingly engaged first and second swivel members. 

3. The mandibular prothesis of claim 2, wherein the 
releasable locking member is a screw. 

4. The mandibular prosthesis of claim 1, wherein each of 
the at least two assembly plates include two clamping plates. 

5. The mandibular prosthesis of claim 4, wherein each 
clamping plate includes an inner wall and an outer wall, the 
inner wall including the second swivel member. 

6. The mandibular prosthesis of claim 5, wherein the two 
clamping plates include a releasable locking member to 
releasably lock the two clamping plates. 

7. The mandibular prosthesis of claim 6, wherein the 40 
releasable locking member is a screw. 

8. The mandibular prosthesis of claim 7, wherein the first 
swivel member is a ball and the second swivel member is a 
recess formed by the inner wall, for mating engagement with 
the ball. 

9. The mandibular prosthesis of claim 1, wherein the 
mandible has a lingual surface and a labial surface and the 
first swivel member of each anchor plate lies in a plane 
which is disposed intermediate the lingual and labial sur- 
faces of the mandible. 

10. The mandibular prosthesis of claim 1, wherein the 
mandible has a lingual surface and a labial surface and the 
first end of each anchor plate includes a flange extending 
toward the lingual surface of the mandible. 

U. The mandibular prosthesis of claim 10, wherein each 
of the at least one first swivel members of each anchor plate 
is disposed on the flange. 

12. The mandibular prosthesis of claim 1, wherein the 
mandible has a lingual surface and a labial surface and the 
swivel coupling defined by each matingly engaged first and 
second swivel member is disposed intermediate the lingual 
surface and the labial surface. 

13. The mandibular prosthesis of claim 1, wherein the first 
swivel member is a ball and the second swivel member is a 
recess for mating engagement with the ball. 

14. A mandibular prosthesis, for use as a replacement of 
a portion of a patient's mandible, comprising: 
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a pair of anchor plates, each anchor plate having first and 
second ends, the first end of each anchor plate having 
a first swivel member, and the second end of each 
anchor plate adapted to be attached to a portion of the 
patient's mandible; 

at least two links disposed between the anchor plates, each 
of the at least two links having first and second ends, 
the first and second ends of each of the at least two links 
having a second swivel member; 

at least one assembly plate, each assembly plate having 
first and second ends, the first and second ends of each 
assembly plate having a first swivel member; 

the at least one assembly plate being disposed between 
each of the at least two links, with a first swivel member 
of the at least one assembly plate matingly engaged 
with an adjacent second swivel member of a link; 

the first swivel member of an anchor plate being matingly 
engaged with an adjacent second swivel member of a 
Link; and 

each matingly engaged first and second swivel members 
defining a swivel coupling which permits three dimen- 
sional movement between the first and second swivel 
members. 

15. The mandibular prosthesis of claim 14, wherein the 
first swivel member is a recess and the second swivel 
member is a ball for mating engagement with the recess. 

16. A mandibular prosthesis, for use as a replacement of 
a portion of a patient's mandible, comprising: 

a pair of anchor plates, each anchor plate having first and 
second ends, the second end of each anchor plate 
adapted to be attached to a portion of the patient's 
mandible; 

at least two assembly plates disposed between the anchor 
plates, each of the at least two assembly plates having 
two ends; 

at least one link, each link having two ends; 

one end of an assembly plate being connected to the first 

end of an anchor plate thereby defining a connection; 
the two ends of the at least one link being connected to an 

adjacent assembly plate thereby defining a connection; 

and 

each connection between an anchor plate and an assembly 
plate and each connection between a link and an 
assembly plate defining a swivel coupling which per- 
mits three dimensional movement at each swivel cou- 
pling. 

17. The mandibular prosthesis of claim 16, wherein each 
assembly plate includes a releasable locking member to 
releasably lock each swivel coupling to substantially prevent 
three dimensional movement after the releasable locking 
member is locked. 

18. A mandibular prosthesis, for use as a replacement of 
a portion of a patient's mandible, comprising: 

a pair of anchor plates, each anchor plate having first and 
second ends, the second end of each anchor plate 
adapted to be attached to a portion of the patient's 
mandible; 

at least one connector member disposed between the 
anchor plates, the at least one connector having first and 
second ends; 

the first end of a connector member being connected to the 
first end of one anchor plate thereby defining a con- 
nection; 
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the second end of a connector member being connected to 
the first end of the other anchor plate thereby defining 
a connection; and 

each connection defining a swivel coupling which permits 
three dimensional movement at each connection. 

19. The mandibular prosthesis of claim 18, wherein the 
first end of at leash one connector member is connected to 
the second end of another connector member thereby defin- 
ing a connection. 

20. The mandibular prosthesis of claim 18, wherein the 
connecting member is a link. 



14 



10 



21. The mandibular prosthesis of claim 18, wherein the 
connecting member is an assembly plate. 

22. The mandibular prosthesis of claim 18, wherein the 
connecting member is at least one integrated link-assembly 
plate. 

23. The mandibular prosthesis of claim 22, wherein the 
first end of an integrated link-assembly plate is connected to 
the second end of an integrated link-assembly plate thereby 
defining a connection. 
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